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EXPERIMENTAL YELLOW FEVER. 


BY 


WALTER REED, Surgeon, U.S.A.; JAMES CARROLL and 
A. AGRAMONTE, Contract Surgeons, U.S.A. 


Subsequent to the presentation of our paper to the 
Pan-American Congress! in Havana, we succeeded in 
producing some additional cases of yellow fever at our 
Experimental Sanitary Station near Quemados, Cuba. 
We have thought that brief reports of these cases, to be 
followed by remarks on experimental yellow fever from 
the clinical point of view, would be of interest to the 
memibers of this Association, and especially to those who 
reside in sections of the country where each year yellow 
fever is liable to appear in epidemic form. 

| Perhaps it might be well to recall the fact that the 
cases of yellow fever here to be recorded were produced 
like those heretofore reported by us, under strict quaran- 



















roundings. In its occurrence, therefore, at this station, 
yellow fever strictly obeyed the behests of the experi- 
menters, both as to place and time of occurrence. 
Recovery took place in all cases. 


(A) CASES PRODUCED BY THE INJECTION OF BLOOD. 


CasE L—W.J., Ainerican, nonimmune, aged 27—in quar- 
antine since December 20, 1900—with his fall consent, at 11 a.m., 
January 4, 1901, was injected subeutaneously with 2 ec. of blood 
taken trom the ‘general circulation of a ease of mild yellow fever 
at the beginning of the second day of the disease and having a 
temperature of 100.5°F. The subject, who had been in strict 
quarantine at thestation for the period of 45 days, remained in 
his usual health until the early morning of January 8, when he 
complained of slight frontal headache. At6a.m. his temper a- 
ture was 98.2°F, and pulse 70; 9 a.m., temperature 99.8°F., pulse 
95; frontal headache increased, with slight, chilly sensations in 
the feet and lower extremities. There was some congestion of 
the eyes and his usual florid complexion was heightened in 
color. At 10,15 a.m., temperature 100.6° F. pulse 97. Complains 
of soine pain in the lumbar region. At 11.20 a.m., temperature 
101.4°F., pulse 99. The height of the febrile paroxysm was 
reached at 3 p.m., the same day, when the temperature was 
103.4°F. and pulse 108. The facial expression was now charac- 
teristic of yellow fever. The eyes were deeply injected and 
watery and the face much suffused. Photophobia moderate— 
frontal headache and baekache severe. The skin was moist. 


ionih- ane 


fmol #2| 58 | oF) pm ot fe fo me Tea wT lUL)lCUE MH ae LT OK GR =F 
Timeof \LM\ AM | PM AM | PM {AM | P LM. PM. PM PM. | AM | PM. [AMIS 
™ | hal : —_ : - ; SHE 
peer, Sp laisse a Sh ok PEN ISaRH eR Myoha Reiaiclos Resto fas Rerabola: Aipatol ala ahoin Red iofos [lf closkSefral fos Reka olan Sok [tofo| 
SS et Ee& py ph y, ry iyi lave lit ivy LI Lili tra I dl ines Ti LL 
So “re a] bara Tit 44 TLL 14S dt Ie LLL I PLL Per PLL 
BEE EEE EEE EEE EECCA CCE CECE EEE 
eee rFi tT Ti y Pry tT Pare yy Tires rh Tht de Tree eM CALAIS LE aT TT ee PT TP a rae ad 
Ho tt a Hepp ET Hp tp He tA TT ETVWMALTI IN TTL I ELL IL TIT iPr tis tte Cf 
OEE ney al aed TTTALCILIL ONT EL LEE is 
Ao BRC eo ee Ht HH HH ORCC 
SOO eee PRC EEE EEE CEC AEE REECE 
Re 
aoe ee Tt COC CNS a sa 
eo He TAI PREECE REIS ECE 
Re SE TTP TP LICL LICLLiELeeLiat | Ue IW LULL phe is 
EEE errr HH tt tt tt EERSTE 
e +4 | BEER EERE EEE RSE 
O06 OOS 008 BOS 8 ee se 2 SR 
Se BEER Ae 
BE 
Re TTT VrIirirnaeLE LLU LLL OSe_ COS OS O  s 
SH PICT Cee Oe Cs a or 
eet ee er 
Sree SOE ACR 
SO SRRan Pa COCCI eo N Seee e 
A CoCr Prt BRS SE 
| COA C OO eS S ess rs eee 
EECCA TISTTISG LLL ISS LULLELTE LICL ELIE IIT TIAL IT) mS Itt 
| A VIVA ee sa CLS LU LL LCE IN ET Tr 
CCH CACHE EEE Reg EC 
AES SNS ss CC 
te PTT iia TTT PTT PNW CT AWS TTT LEIS CT TT TT 
COs Ss ee SAS 
pp AR be te tt ee EY | PPE Ti tte ty ff iN 7 PIS TTT le te eee || \A_N 
SECC eee SEE aS as SEE EEE 

Tre SSRIS ESSER SSE HESTS ttt detected ray Be) cheese oe ne tet tt 
| RN SISRANISS A SONS SSG: POIREEST ES RINC SSSR RSENS Mask Ga SSSSSSEREERANS SSIS 
a Loe 700, | #W0ce | _775 cc |SMfon 











Chart I.—Yeliow fever produced by injection of 2 ce. of biood. Period of incubation, 3 days, 22 hours. 


tine regulations and ata special Experimental Sanitary 
Station, near the town of Quemados, Cuba. 

In the series of 12 experimental cases produced at 
this camp during the period from December 5, 1900, to 
February 7, 1901—an interval of 65 days—it should be 
borne in mind that the order of occurrence exactly cor- 
responded with the order of inoculation, except that 
Case IT, inoculated at 4 p.m., December 8, 1900—having 
a longer period of incubation than Case III, inoculated 
at 10.30 a.m., December 9, 1900—the order of their rela- 
tive occurrence became reversed’. Moreover the attack 
always followed within the period of ineubation of the 
disease, and concerned only those nonimmune indi- 
viduals who had consented to submit themselves for 
experimentation. Ofa total of 16 individuals who thus 
consented, 14 contracted yellow fever ; whereas of 5 non- 
‘immunes, who did not consent and were therefore - not 
subjected to experimentation, none acquired the disease, 
although otherwise placed under exactly similar sur- 


1 The Etiology of Yellow Fever. An Additional Note. 
Pan-Amerlean Congress, Havana, February 4-7, 1991. 
2 These cases were reported in our Additional Note. 
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The remission occurred at the end of 24 hours—9 a.m. January 
9—when the temperature had fallen to 99.4°F. and the pulse to 
86. The subsequent history was that of a case of yellow fever of 
moderate Sey Cr ae Albumin was found in the urine at the end 
of the sixty-first hour. There was some bleeding from the gums 
on the third day and moderate ocular jaundice on the fourth 
day. Fever disappeared on the morning of the seventh day. 

(Chart I.) 

CASE II.—W. O., American, nonimmune, aged 28, in quaran- 
tine since December 20, 1900. On January 8, 1901, at 9 p. m., 
with his full consent, he was given by subcutaneous injection 
1.5 ee. of blood taken from the mediancephalic vein of Case I, 
just 12 hours after the beginning of the attack and when the 
temperature was 102.4° F.—that is, just after the first febrile 
paroxysm began to decline. The subject remained in his usual 
condition during the following 2 days. 

January 11, 1901, at 6a. m., his temperature was 98.9° F. and 
pulse 70. He complained of being disturbed by dreams during 
the night and had some frontal headache. At 9 a. m., tempera- 
ture 100° F., pulse 77. At 10.15 a. m., temperature 101.4° I, 
pulse 76. Eyes decidedly congested and face moderately 
suffused. At 120’elock noon, when the temperature had risen 
to 103.2° F. and the pulse to 102, the height of the primary 
paroxysin had been reached. Headache and backache were 
now much complained of. The facial expression was character- 
istic. The remission occurred at the end of 24 hours, lasted one 
day and was followed by a very moderate secondary fever. A 
distinet trace of albumin was found in the urine passed at 2 a. 
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m.January 12, seventeen hours after the attack began. A few hya- 
line casts were also present. Slight bleeding froin the gums 
oceurred on the second and third days of sickness, The 
character of the attack in this case was very mild. The 
albumin, which at no time amounted to more than a distinct 
trace, did not disappear, however, until January 24. (Chart II.) 
CasE IIL—W. F., American, nonimmune, aged 23, was, 
with his full consent, at 1 p.m. o’cloek January 22, 1901, injected 
subcutaneously with 0.5 ec. of blood taken on the second day 
from the general circulation of a severe casc of yellow fever, 
which was fatal on the seventh day of the disease. The patient’s 
temperature, when the blood was withdrawn, was 103° F. and 
— 90. The subject remained well during the following day. 
anuary 24, at6 a. m., his temperature was 95.4° F. and pulse 
78. He partook of a hearty breakfast at 6.30 a.m., which he 
vomited soon afterward. At 7a.m. he complained of dizziness 
and general lassitude. Temperature, 98,4°, pulse 78. At9a.m., 
chilliness complained of, but there is no record of temperature 
or pulse. At 9.30 a. m., temperature 100.6° F., aoe 82. Frontal 
headache well marked. Eyes already injectedand face slightly 
suffused. 10.30 a. m., temperature 101.2° F., pulse 86. An hour 
later his temperature was 102.6° F. and pulse 82. The height of 
the primary paroxysm was reached at 1/p. m., when the 
temperature was 102.8° F.and pulse 98. At this hour photo- 


Borin 





headache. He noted the hour in writing atthe time. At3 p.m. 
his temperature was 103.6° and pulse 120. The cyes were 
intensely congested and the face deeply suffused. The patient 
was very restless, and complained bitterly of occipital head- 
ache and backache. Photophobia was very marked. He 
vomited several times within the next 2 hours. Skin hot and 
dry. The height of the primary paroxysm wus reached at 3.30 
p. m., at which hour the temperature was 104.2° F., and pulse 
120. The subsequent history was one of severe yellow fever. 
There was no reinission in the fever until the fourth day, when 
the temperature fell to 101.2° F. Now, for the first time, the 
patient ceased to complain of occipital headache and backache. 
Albumin appeared at the end of 18} hours (7.30.a, m., Jannary 
29). A few hyaline casts were also present at this time. The 
speci of urine passed at 6.40 a. m., January 30 contained 
albumin 3, by volume, and inany fine aud coarse, granular, 
bile-tinted casts. Ocular jaundice appeared on the third day 
The skin of the face and of the anterior part of the neck and 
thorax was tinted on the fourth day. This rapidly became 
intensified and general. The secondary fever lasted about 30 
hours, the temperature falling to 97.2° F. at 12 o’elock (midnight) 
of the fifth day. Marked fluctuations of temperature continued 
until the eleventh day of illness. Recovery was slow and 
much delayed by the development of a carbuncle in the left 





SANLARY 











(Dayar 9% | Woe |" 1 | de" | ag | Cee 
LAY, |rolol Xf ysol a SON sho bs fol oA al alo Pape oR sho foo eeP stole |0]05 183 Pyrola Reralclos Sey tol oo Patolalotclostseleolos 


SS eS eee en oe = 
ed el aed 


Li PT TT tte set TT lod aod TT swit iaa a  l sal etd Ll ieee 
TT Tete et Pee ee er er ee eee ee 
bbe IN ee a ee 


tt i 
pa) LN 
BEEER 8=6o} RES 

of fo) ee 


a 
CEC Ss 


Pa 


i tt | eT Tr a a eee 
pt | a Tt eT TS 
Lee | et ee 


Yt eae] Weel) lel 1 lon a a 
iT ee Ee CO oo oe 
| CCE CC 
Sit TT TB TIN TEI IIIT TE a oT so ae 
1 oot i) | i. ae a iia 


ae 
wee a el Pt a 
Pip YIN LE |) ee 


ta) ae he Lt 
| ta ttf tt a) ee 
eee ae 
Derr | ea 


i hee Be eee ee 
LYNI TT tat A TN TT 


ei is 
PUN TP TAA eee AL DT 





Sm Ps : 
NYT TTT et LT TR TTA TT AIT oT eee ee CSRESSBREERP IRE !LhU!U 


Re eo a ALIA AT 


" 


Rr Sy 


gv" | 
| Pulse. HFSSTIIIITS ANNIE S AN SSS ON eee 


| Crime | 


CAT 
eI NO 





ee | ee 
tT LT AL Aa a eee 
CE TT eee 


sss SSS LTT 
| 620ce_ | W0ce, | 6l0ce | | 


Chart II.—Yeiiow fever produced by injection of 1.5cc. of blood. Period of incubation, 2 days, 12 hours. 


phobia was well marked and constant complaint made of 
severe frontal headache and backache, together with pains in 
the lower extremities. The skin was moist. The remission 
occurred at the end of 36 hours. The subsequent course Was 
that of a case of yellow fever of moderate severity. With the 
return of the secondary fever there were present sharp back- 
ache and headache. Albwmin appeared in the urine at the end 
of 574 hours. Ocular jaundice was present on the third day and 
thereafter until convalescence. The gums did not bleed, 
although they were swollen and injected. Fever subsided on 
the sixth day, and albumin disappeared on the .eighth day. 
(Chart III.) 

CasE IV.—J. H. A., American, nonimmune, aged 22, with 
his full consent, received subcutaneously, at 12.15 p. m., January 
25, 1901, 1 ce. of blood taken from the inediancephalic vein of 
Case III, just 27} hours after the coinmencement of the latter’s 
attack of yellow fever (T. 100.6° F.). The subject remained in 
his usual condition during January 26 and 27, except that on the 
afternoon of the last mentioned date, he coinplained of occipital 
headache. This was present on the following morning, Janu- 
ary 28; otherwise he felt well. His temperature at noon was 
98.6° F., and pulse 68. Occipital headache continued. Te par- 
took of dinner with fair appetite. He was not seen again until 
3p.m. Inthe meanwhile, at 1.15 p. m., the subject states that, 
while sitting alone in his tent, he began to feel cold, and that 
this was quickly followed by a decided chill with increase of 


A trace of albumin was still present onjMarch 1, 
(Chart IV.) 


The production of yellow fever by the injeetion of 
blood taken from the general circulation is of much 
interest as showing : first, that the parasite is present in 
the blood, at least during the early stages of the disease ; 
and seeondly, that its passage through an intermediate 
host, although this would seem to be nature’s method, is 
not essential in the life cyele of this parasite. Thus 
yellow fever is analogous to the malarial fevers, in that 
it may be produced either by the bite of a certain 
species of mosquito, or by the injection of blood taken 
directly from the general circulation. 

Another point to which we have elsewhere referred, 
but whieh is considered of sufficient importance to here 
bear repetition, is that in each of the foregoing cases of 
experimental yellow fever produced by the injection of 
blood, careful cultures made from the same blood drawn 
from the vein immediately after injection or, as in one 
instance, made from the same syringeful of blood that 


sacral region. 
32 days after the attack had begun. 
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conveyed thefdisease, failed to show the presence of | full consent, was at 9.30 a.1n., January 31, 1901, bitten by 2 of the 


i. Ba ; ocala . | 3mosquitoes that had been applied to the foregoing Case V. 
none “ — t In = ee ee = —_ ° The interval that had elapsed since their Sait ateion was, 
coccus pyogenes citreus were obtained, while im the | therefore, 51 days. The subject remained well until 12 o’clock 


remaining 3 cases, no growth whatever occurred. The | noon, February 3, when he complained of heaviness in his legs 
exclusion of the Bacillus icteroides from.further consider- | 4nd some supraorbital pain. His temperature at this hour was 


, 9 P - 99° F, and pulse 70. At 1.30 p.m.it had risen to 100° F., and at 
ation as the specific agent of yellow fever would, there- | 5p.m. to100.6°F. and pulse to 84. The primary rise of fever, which 


fore, seem to have been conclusively determined by | was semewhat fluctuating in character, did not reach its height 
these experiments. until at the end of 24 hours, noon, February 1, when the tem- 
perature was 102.4° and the pulse 92. The facies was now sug- 
(B) CASES PRODUCED BY THE BITE OF THE MOs- | gestive of yellow fever. Remission occurred at the end of 45 
QUITO, CULEX FASCIATUS hours and lasted for about 1 day. The secondary rise was 
’ ‘ 2 es slight in character, the temperature falling to normal on the 
CAsE V.—L. F., American, nonimmune, aged 28—in quar- , morning of thesixth day. The case was very mild in charac- 
antine since December 20, 1900—was, with his full consent, at ter. Albumin appeared at the end of 75 hours (beginning of 
3.30 p.m., January 19,1901, bitten by 3 mosquitos that had been | fourth day); if never amounted to more than a distinet trace 
contaminated 39 days previously, by feeding on the blood of a | and disappeared on the eighth day. There was no ocular jaun- 
well-marked ease of yellow fever, on the third day of the dis- dice, and although the guins were injected and swellen, there 
‘ease. The subject remained in his usual conditon of health | was no hemorrhage at any time. The patient perspired freely 
until the afternoon of January 23. At noon of this date his | thronghout the attack. Convaleseence was rapid. The subject 
temperature was 97.8°. Soon after this hour he took to his bed, | had been in quarantine for the period of 6 days prior to inocu- 
complaining of frontal headache and general lassitude. At | lation. (Chart VI.) 
3p. m. his temperature was 99.2° and pulse 78. At 4.10 p.m. the | CASE VII.—J. H., American, nonimmune, aged 26, with his 
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Chart III.—Yellow fever produced by injection of .icc. of blood. Period of incubation, 3 days, 1 hour. 


temperature was 100° F. and the pulse 104, A sense of ehilliness, | full consent, was bitter at 11 a.m., February 6, 1901, by the same 
— alt of the lower extremities, and increased frontal head- _ 2 mosquitos that had 6 days previously, bitten Case VI. Fifty- 
ache, were now complained of. Eyes already injected and face | seven days had therefore elapsed sinee theinsects had been con- 
flushed. At5 p.m. the temperature was 101.2° F. and pulse 104. taminated by biting a case of yellow fever. He reinained well 
The height of the paroxysm was _ reached at 8.20 p.in., at which | until 12 0o’clock noon, February 9, when he experienced slight 
hour the temperature was 103.6° F. and the pulse 110. The eyes | chilly sensations, aeeompanied by yawning. At this hour his 
were deeply congested and photophobia very marked. Head- | temperature was 99° F, and pulse 72, At3p. m., temperature 
ache and backache were so intense as to cause the patient to | 988°, pulse 72. Says that he feels “tout of sorts,” but has no 
complain bitterly. He vomited once at 9p.m. January 24,3 | headache. At 5.80 p.m. his temperature was 100.6° F., pulse, 
a. in., the temperature had fallen to 100.2° and the pulse to 104, | 78. He was not seen until 7.30 p.m., when he complained of 
but with only slight amelioration to the patient’s discomforts. | backache and severe general headache, more intense through 
At noon thethermometer marked 102°. Remission oeeurred at | the frontal region. Eyes much injected, photophobia very 
the end of 83 hours, with marked diminution of all disagreeable | marked, face flushed. He was stretching and yawning con- 
symptoms, The secondary fever, attended by increased head- | stantly, complained of nausea, and vomited a small quantity of 
ache and backache, lasted 4 days, the temperature dropping to | partially digested food. The height of the primary fever was 
normal at 6 p.m. of the seventh day. The case was one of mod- | reached at 3 p: m., February 10, 7. ¢., 22 hours after the com- 
erate severity. Albumin appeared in the urine at the end of | mencement of the attaek, when the temperature was 102.8° and 
the forty-second hour. Ocular {nay was quite notice- _ the pulse 98. Remission of the fever to 99.4° and pulse to 74, 
able on the afternoon of the seeond day. Some jaundice of the | occurred at 6 a.m., February 11, making the duration of the 
face and anterior region of the chest was seen on the fourthday. | primary paroxysm 36 hours. Twenty-four hours after the 

remi{ssion had occurred, the temperature had risen to 102.4° 


Many bile-tinted granular casts were present in the urine on 
the third day, and thereafter until the eleventh day. Thealbu- | witha pulse of 70. The fever continued to steadily inerease 
until oe t of February 12, when a temperature of 105° F. 


min which reached + by volume on the sixth day disap- 
was recorded, with a pulse of 90. The subsequent course was 


peared on the twelfth day. (Chart V.) 
CASE VI.—C. W., American, nonimmune, aged 27, with his ' that of a case of severe yellow fever. Slight oozing of blood 
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from the gums occurred as early as the third day. Ocular | 51 and 57 days, respectively. As one of these insects lived 


jaundice, beginning on the third day, became later very dis- | yntil the sixty-ninth and the other until] the seventy-first 


tinct and was associated with general jaundice. Albumin y : ie . 3 
however, did not appear. until the sixth jem The fever sub- | day after contamination, we have for the first time an 


sided on the ninth day, and was followed by a slow convales- | explanation of the fact, several times noted in the litera- 
cence. The subject had heen in strict quarantine for a period of | ture, that the contagion of yellow fever may cling for 


« Bays prior io inoghlation. (oa aged 28, with his | Several months to a building that has been vacated by its 
full consent, was bitten at 2 p. m., February 7, 1901, by 3 mos- | occupants, or to the infected area of a town, even though 


quitos that had been contaminated 16 days previously by biting | this latter has been entirely depopulated. These partie- 
a fatal case of yellow fever on the second day of the disease. | ular insects, also, were contaminated ata later stage of 


The subject remained well until the early afternoon of the : / 4 ; ; 
third one. February 10. He ate his dinner ae noon with good | the disease than in any of out other cases, 7. e., on the 


appetite. At 1 p.in., his temperature was 100° F., pulse, 90. | third day and during the secondary rise of the fever, 
rontal headache was now complained of. This became | following a complete intermission in the temperature. 


rapidly more marked, and pains in the limbs were also present. hae 2 
Tiree hours later, 4 p. m., the fever had risen only i of \ : hav a therefore, nee able i. a, a he ime 
a degree, but at 6 p.m. it had reached 103° F. and pulse, 96, At | parasite 1s present in the general circulation both arter 
this hour he had severe headache and backache,/with general | and before the stage of remission. How much later in 
pains over the body. The facial expression was Yow character- | the disease the parasite may still be found—a matter of 


tie. Eve: ' inj ia Well mark . ° : 
as satitdly ightly misciga ME ten perat#ive arked. and | much interest and importanee—the observations thus far 
a * > e e e e . © 


and pulse 112. The skin was moist. Remissiou occurred at 6 | made do not determine. Although the 3 mosquitos 
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Chart 1V.—Yellow fever produced by injection of 1 cc. of biocd. Period of incubation, 1 day, 19 hours. 
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a.m., February 12, 41 hours after the commencement of the feb- | applied on the third day—as above stated—acquired the 


rile paroxysm. The secondary fever, which was inoderate in parasites and were able to affect 3 individuals with 
character, lasted 4 days, the fever subsiding on the seventh day. 


Ocular jaundice was slight. A few hyaline easts were present on | Yellow fever, a single mosquito applied to the same case 
the third and_ subsequent days, but no albumin was found | of yellow fever on the fourth day of the disease failed to 
until 1 p. m., February 18, that is, 36 hours after the fever had | obtain the parasite, as shown by the negative result fol- 


subsided. It was present as a distinet traee in all specimens . : * b . : 
examined until 3 p.m., February 23. Convalescence was rapid. lowing its bite 40 days after contamination, That not 


The subject had been in quarantine for a period of 25 days prior | all mosquitos become infected, however, with the para- 
toinoculation. (Chart VIII.) site by biting yellow fever patients is shown by several 
3 . observations made by us. We submit only one. 

The foregoing cases of experimental yellow fever 


ag VV ‘ yi > we think * it , CasE IX.—J. W., American, nonimmune, was with his full 
(Cases Vv, VI and VIF) are, we think, of especial import consent, on January 25, 1901, bitten by 12 mosquitos—C, fasci- 


ance as showing the length of time during which the | atus—that had fed dna ease of mild yellow fever—Martinez by 
mosquito may remain capable of conveying the infec- | name—on January 3, 1901, within § hours of the commencement 
tion. In previous papers we have reported 6 eases of | of the attack. Although these mosquitos had heen kept at a 


: ray a : a ., 7 : suminer temperature for 22 days the result of the experiment 
yellow fever produced by the bites of mosquitos at inter- | Was entirely negative. That the parasites were present in Mar- 


vals varying from 12 to 24 days after the contamination | tinez’s blood at the end of 24 hours was fully shown by the 
of the insects. In the eases here reported the periods | effect produced by injecting 2 ce. of his blood drawn at this time 
intervening between the contamination of the insect and | beneath the skin of Case I of this report. 


the production of the disease were much longer, viz. : 389, | Observations such as the foregoing would indicate 


‘ 


JULY 6, 1901] EXPERIMENTAL YELLOW | FEVER [AMERICAN Meprctne 19 





{ 

that the mosquito at certain periods of the disease may | bative stages becomes of the highest practical importance. 
fail to obtain the parasite, owing to its absence at that . This importance, as a question of public hygiene, is 
particular time from the capillary circulation. Coneern- increased, if as recent observations would seem to indi- 
ing the matter of the propagation of yellow fever by cate, the importation of this disease is brought about 
other species of Culex than C. fasciatus, we have only 1 only by the sick individual and not by his baggage or 
negative observation to record of an individual bitten by clothing. While the older authors were willing to pro- 
5 C. pungens that had been contaminated by biting a long the period of incubation of yellow fever to 2 or 3 
case of yellow fever 19 days previously. To a single weeks or even longer, the tendency of physicians at the 
negative experiment such as this no importance can be — present time, is to shorten this stage to about 5 days. 
given. So that this question must be left for future Reference to a few of the later textbooks on the Practice 
observations to determine. of Medicine will sufficiently indieate this. Davidson in 
Touching the subject of the possible transmission of Allbutt’s System,’ puts down the period of incubation as 
the parasite to the daughter insect by means of infection ‘‘ ranging between 2+ hours and 4 or 5 days.’’ Stevens? 
of the ovum, we have also but a single observation to says that it may vary from ‘a few hours to a week.” 
record. In this case the bites of 14 mosquitos hatehed Osler * says that the ‘‘ period of incubation is usually 8 
from the ova of a mosquito—C. fasciatus—that had or 4 days, but it may be less than 24 hours or prolonged 
already shown itself capable of conveying the disease— to 7 days.’’ According to Tyson,‘ ‘‘ yellow fever has a 
were followed by an entirely negative result. _ period of incubation of from 24 hours to 5 days, very 
Including the cases heretofore reported by us, we | rarely exceeding the latter.’’ Sternberg® says that this 
have thus far succeeded in conveying yellow fever to 12 | period *‘does not usually exceed 4 or 5 days and may be 
individuals by means of the bites of contaminated | less than 24 hours.” Carter ® in a recent valuable paper, 
mosquitos, and to + other persons by subcutaneous injee- | gives the results of his studies on the period of incuba- 
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Chart V.—Yeliow fever produced by the bite of Cuiex fasclatns. Perlod of incubation, 3 days, 231% hours, 


tion of blood taken from cases of this disease—a total of | tion of yellow fever, based on observations extending 
16 cases. While ordinarily so small a number of cases — over a considerable number of years. Under Class I] 
would not be suflicient to enable one to arrive at definite of his observations, which are the most valuable, he 
conclusions concerning the general character and course | includes ‘those persons, who, living in a clean environ- 
of an acute infectious disease, the conditions under which | nent, go into an infected one, stay only a short time, 
the majority of these cases were observed were such asto | and then return to a clean environment where they 
give us valuable data concerning two matters of very great | remain until the fever develops.’? Of 12 eases thus aecu- 
practical importance in connection with this disease, | rately observed by himself the incubative stage was as 
viz., the period of its incubation and the difference in | follows: 





degree in the character of its attacks. Further, as these 2 eases with 3 days ineubation. 
“uses were kept under constant observation, even from q ;, ;, ar F F 
the time of inoculation, we are not only able to report lease « * 43 « “ 
upon the earliest premonitory symptoms, but also to 1 < Same’ “ 
give the primary temperature curve; and, in addition, a 
to note the time of appearance of albuinin in the urine, . 
all of which are of interest in the clinical history of The following table gives the result of our observa- 
yellow fever. tions in 16 cases of experimental yellow fever, 
' Period of Incubation.—The accurate determination of 7 Oh]. 
the period of incubation of any one of the acute infect- 2 PraetiCoGeMediaite: (ilikacinhie. 1996p a 
ious diseases is always a matter of scientific interest. If ‘ate oe eee oe | ee 
the disease is one which, like yellow fever, is of exotic SHugk’s Malerene@ [landbook of the Memlemm—@eiences, 1889, Vol. 


origin and whose importation is Hable to give rise to a | Vill, p, 58. 
@ s e e e e e ‘TY P f b f ji ve r y im j 
widespread epidemic, then the determination of its incu-. Hiecorll Mara 1001 otion of i meme cw York Medical 
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{ 
3, 0r 12.5%. Wewill not further dwell on this subject 
than to remark that cases No. 2 and No. 4 of our series, 
could have passed quarantine on the morning of the sixth 
day after inoeulation, with a clinical thermometer under 


ni 


TABLE I. 
Period of incubation of experimental yellow fever : 














t 
eee oe Bpoculn@pn Inosulcuipn.| GeaMETac i. | [CUDRHON. aie tongne, without exciting any suspicion by reason of 
— | | Ud ee DREN Cee ver 

i [2 p.m., Ang 27, 1900] Mosquito /9a.mi., Aug. 31, 1900 dys. 7 brs Character of the Attack.—We desire to eal] attention 
3 > hia, Dell 5 “ 11°30 rn 14 8, 3 1 « | particularly to the difference in the degree of severity of 
eee ee 4 oS i << fe, ‘“ | the attack as shown by our experimental cases. Like all 
fee bu « ‘ I noon, 15,“ |3 « ygig | of the other acute infectious diseases, we have reason to 
7 |12noou, “21, © 4 ae at ool ps | expect that yellow fever will affect different individuals 
Sih aan, Jan. 4 1901|Blood inject 9am” 8 (3 «98° | according to their individual susceptibilities, and hence 
10 opm, 7 & | one ib ; aie ae , _ that we will encounter mild as well as severe cases. ‘The 
We PROB Oo 8 Ipiood Inject Wea? an me] « Wg%« results which we have obtained confirm this expectation. 
13 1225p m., ° 35, | ecu 230 ae c “ _ Based upon the character of the attack, the 12 cases due 
ey ‘a pm. “ 9//3 « 6 « to mosquito inoculation may be divided as follows: 
Biicpm, “ 7, “ % I2noon, “10,9 “ 2 “ 22 « a. 5 
_.—_—=i‘(as‘iaslliévVavoOo . ! eee Me 
The average period of ineubation of the 16 eases | Moderma severe... Zi : 
embraced in Table I will be found to bé@ 87} hours, or 3 Very mild ........ oe. 
days 15} hours. If we separate the 12 mosquito infections = 
from the 4 cases produced by the injection of blood, we 12 
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Chart VI.—Yellow fever produced by bite of Cuiex fasciatus, Period of incubation, 3 days, 244 hours. 


have for the former a period of incubation of 94 hours or3 
days and 22 hours, and for the latter, an ineubative stage 
of 67} hours, or 2 days, 19} hours. The average period 
of incubation, therefore, in the cases brought about by 
subcutaneous injection of blood was shorter by 26} hours 
than those occasioned by the mosquito’s bite. By the 
former method, this stage varied from 43 hours to 94 
hours, while in the mosquito infeetions the shortest incu- 
bative period was 70 and the longest 146 hours. If we 
accept those cases produced by the mosquito’s bite as the 
usual method of propagation of this disease, it will be 
observed that of the 12 cases 1 occurred on the third day ; 
9on the fourth day; 1 on the sixth day and 1 at the 
beginning of the seventh day after incubation. 

While our results, therefore, confirin the statement of 
later writers that the period of incubation of yellow 
fever does not usually exeeed 4 or 5 days, they also seem 
to indicate very plainly that this stage may be prolonged 
more frequently, perhaps, than had been supposed. 

In 16.6% of our eases, the period of incubation 
excecded the usual quarantine period of 5 days. If we 
add Carter’s cases to those observed by us, we find that 
of 24 cases, the period of incubation exceeded 5 days in 


The 4 eases produced by the injection of blood gave 
the following result : 


Severe .....-++6.....02 6 6 s 
Moderately severe . ne 
Mil@jme..... oe 

4 


Thus the cases which were mild or very mild in 
character constituted 83% of those infected by the mos- 
quito’s bite, and 25% of those produced by blood injee- 
tion. It is to the diagnosis of the former cases that we 
desire to direct special attention. To one faniliar with 
yellow fever, or even to one unfamiliar with its clinieal 
features, the diagnosis of our severe and moderately severe 
cases should have presented no difficulty. The sharp 
headache and backache, the characteristic facies, the ocu- 
lar jaundice, together with the presence of albumin in 
the urine, exeept in 1 ease to be hereafter referred to, 
with the negative result of a blood examination, would 
have been a sufficient complex of symptoms to have 
rendered the diagnosis tolerably certain. Even in our 3 
‘mild’? cases, were the physician on his guard and 
acquainted with the teinperature curve and pulse from 
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the very onset of the attack, and besides careful in the 
testing of each specimen of urine passed, a diagnosis of 
yellow fever could have been made with reasonable 
probability. We believe, however, that in the ordinary 
course of events, where there was no reason to suspect 
the presence of yellow fever, the average practitioner 
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‘ 
1 


would have probably failed to appreciate the true nature | 


of these attacks. Such was the admission which we, 
ourselves, were compelled to make, although in constant 


_ character by the subcutaneous injection of 2 


attendance and thoroughly acquainted with these cases | 


from their very beginning. The short duration of the 
primary fever, in one instance, the rapid amelioration of 
the earlier symptoms in all, the absence of albumin dur- 
ing the first 8 days or its presence, as a mere trace, in 
certain specimens, followed by its absence in succeeding 
specimens; the slight icteroid hue of the conjunctiva— 


to be obtained only in a certain light and then doubt- | 


fully—all served to render a_ positive diagnosis 
exceedingly difficult. Several physicians, who saw 
these milder cases, at our request, readily acknowl- 


edged the improbability of a correct diagnosis being 
made, in the absence of the complete data which 
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Chart VII.—Yeilow fever produced by bite of Cuiex fasciatus. 


we were able to furnish concerning them. In the one 
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doubt. Under all other circumstances, we feel confident 
that cases of this character would escape diagnosis. 
That cases of mild yellow fever may and do serve as foci 
for the development of other cases, our own observations 
demonstrate, since we have been able to propagate the 
disease from one such mild case by means of the bites of 
contaminated mosquitos, and from another ease of like 
ee. «of 
blood. 


THE ONSET AND PREMONITORY SYMPTOMS. 


Of the 12 cases produced by mosquito inoculation, the 
onset was sudden in 2 and gradual in 10. In both of the 
former the attack occurred: during the night, the patient, 
also, in both instances, being awakened by the occur- 
rence of a decided chill. In 1 of the 2 cases of sudden 
onset, the subject complained of slight supraorbital head- 
ache during the afternoon preceding the attack. Of 4 
cases produced by the injection of blood, the onset was 
sudden in 1—the only case marked by a chill—and 
gradual in 3. The attack in all of these blood cases 
began during the daytime. As writers generally state 
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Period of incubation, 8 days, 6 hours. 


_ that in yellow fever the chances of infection are greater 


case which we have classed as ‘‘very mild’’ yellow | 


fever, we believe that the matter of a correct diagnosis 
would have been in the highest degree improbable. The 
attack consisted of a single paroxysm of 33 hours dura- 
tion, during which the temperature only reached 101° 
for a period of 6 hours. It is true that albumin was 
found in the urine at the end of 37 hours, but the quan- 
tity was exceedingly small and only to be deteeted by 
the most delicate testing. It was only present in 1 of 2 
specimens passed on the third day. A slight trace was 


ee 


present in a specimen passed at 9 a. m. of the fourth day | 


andin that passed at 4.40 p.m. of the fifth day. 
vening specimens of urine, several in number, contained 
no albumin. <A well-marked papular eruption which 


appeared on the fourth day of the disease, and which 


was confined to the trunk and arms, would hardly have 
rendered the diagnosis easier. We suppose that during 
the prevalence of an epidemic of yellow fever, a physician 
who was thoroughly acquainted with the several types 
of this disease, would probably class this case as one of 
extremely mild yellow fever, with a wide margin for 


Inter- | 


during the night, we have thought that, perhaps, the 
time of inoculation of our experimental cases (which 
was during the day except in 1 instance), might have 
had some influence upon their occurrence, as a rule, dur- 
ing the daytime. If the hour of inoculation in all of 
our cases should have taken place at about sunset, then, 
with the same period of incubation, 7, or 43%, would 
have experienced their attacks at night. 

Of the 18 cases in which the onset was gradual—by 
mosquito inoculation, 10; by blood injection, 8—frontal 
headache, the pain being referred to the supraorbital 
region and extending into the temporal region, was the 
most frequent premonitory symptom. It was present in 
10 and absent in 8 cases. This symptom preceded the 
attack in these cases at intervals varying from 2 to 48 
hours. In 2 cases no premonitory headache was com- 
plained of, while in 1 case occipital headache preceded 
the onset by 24 hours, and continued to be of this char- 


| acter throughout the attack. Dizziness was complained 


of by 3 of the gradually developing mosquito cases, and 
« sense of weight in the lower extremities by the 2 others 
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belonging to this group. 


onset (13 in number) coniplained of lassitude and want | 


of appetite, on which account all took to their beds prior 
to the onset of fever. Ten of these individuals com- 
plained of slight sensations of chilliness—generally con- 
fined to the lower extremities—at the beginning of the 
attack, while in 8 this symptom was entirely absent. In 
our experimental cases, therefore, frontal headache and 
muscular debility were the most frequent and prominent 
premonitory symptoms. After the attack had developed, 
the symptoms corresponded to those described at length 
by various writers and with which all are familiar, 
except that black vomit did not occur injany of our 
‘ases, | 


. THE FPREVER. 
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As we have had prepared charts of our several cases 
of experimental yellow fever, from which all the data 
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All of the cases of gradual | abrupt and reaches its height within a comparatively 


short time, it does not reach its maximum so quickly as 
the deseription of writers would seem to indicate. The 
tri-hourly record in 10 of our mosquito inoculations 
shows that this period of primary rise varies from 12 to 
24 hours. In 3 cases it was t2 hours; in 2, 15 hours; in 
1, 153 hours; in 1,203} hours; in 1, 223 hours, and in 2, 
2t hours. The average period for the 10 cases was there- 
tore a fraction over 16 hours. 

In striking contrast to these was the short period of 
the primary rise of temperature in the 4 cases produced 
by blood injection. In these it varied from 2} to 9 
hours, the remaining 2 cases giving 6 and 7 hours 
respectively, the average for the + cases being only 6 
hours. In all of the 12 cases due to mosquito inoculation, 
the primary rise of temperature was followed by : 
distinct remission or intermission which was generally 
reached within 48 hours. The same remission was pres- 
ent in 3 of the 4 cases produced by blood injeetion. We 


concerning temperature and pulse can jbe obtained, it | 
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Chart VIII.—Yellow fever produced by bite of Culex fasciatus. Perlod of Incubation, 2 days, 22 hours. 


| are able to give the duration of the: primary paroxysm 


will not be necessary for us to make extended remarks 
_ accurately in the 10 cases produced at Camp Lazear by 


under this heading. Medication being practically nil in | 
our cases, both temperature curve and pulse can be | the bites of mosquitos, viz.: 
accepted as faithfully representing what normally takes | ‘ 
place in an attack of this disease. Where 





, 1 easeS33: hours, 
icewater 1 “ 2800 58 


enemas or cold sponge-baths were used by the attending 12“ 26 Ge 

physician, this is noted on the chart. It should also be Lee g 

remembered that our patients were put to bed at the | ‘ail E “ 

very first manifestation of the disease, and carefully 1 F752 : 
I @ 60 


transported to the yellow fever wards on the very same 
beds which they had occupied in camp. This probably 


: Total 10 
had some effect upon the subsequent course of the fever. 


The record of temperature being taken every 3 hours from 
the time of inoculation enables us to give the coniplete 
curves of both the primary and secondary febrile parox- 
ys. Our charts therefore differ considerably from 
those given by the various writers on yellow fever in 
that they round out, as it were, the primary stage more 
fully. An exaniination of these charts will show that 
although the primary rise of temperature is tolerably 


The average duration of these 10 cases was 43 hours. 
In the 3 cases caused by the injection of blood the length 
of the primary paroxysm was 24 hours in 2 cases and ¢6 
hours in 1 case—the average being 28 hours. We may 
therefore say that not only the average period of incu- 
bation, but also the priniary rise of temperature, as well 
as the length of the first febrile stage were all shorter in 
the cases produced by blood injection than in those due 
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to the mosquito’s bite. Of the 12 eases due to the latter 
mode of inoculation the first febrile stage was followed 
by an intermission in 2, and a remission in 10 cases. Of 
those produced by the injection of blood, 3 showed a 
distinet remission and 1 no intervening fall of tempera- 


ture. The duration of this intermission varied from 3 
to 27 hours. This was followed by a second febrile 


stage or paroxysm in Ilof the 12 mosquito inoculations, 
and in 3 of the 4 cases due to the injection of blood. 
The duration of this second febrile puroxysm was from 2 
to 5 days. 

Experimental yellow fever then, as we saw it at 
Camp Lazear, consisted of a primary and secondary 
febrile paroxysm, withan intervening remission or inter- 
inission—more frequently the former. The seeondary 
was much longer than the primary febrile stage. 

In 1 of our mosquito inoculations a relapse occurred 
on the ninth day of the disease, and was characterized 
also by 2 febrile stages with an intervening remission. 
‘There were present headache and backache, with injec- 
tion of the eyes and face, together with hemorrhage 
from the gums, as had been observed in the primary 
attack. 

The want of correlation between temperature and 
pulse (Faget’s law), upon which clinicians rely as an 
important diagnostic sign, was seen as a rule in our 
experimental cases, i. e., after the passage of the first 
febrile stage. In 1 case produced by the injection of 
blood, Faget’s law was not complied with. 

The Urine.—We have confined our examination of 
the urine largely to testing for the presence of albumin 
and to the ordinary microscopic examination of this 
fluid. Heat and nitric acid was the method used in all 
cases for the detection of albumin, the specimen having 
first been carefully filtered. 

Under this heading we desire to speak only éoneern- 
ing the presence of albumin. AJ] writers dwell on the 
importance of a careful examination of the urine in sus- 
picious cases of fever, since the presence of albumin in 
the urine is such a constant sign in yellow fever. 
Guiteras, who has had a large experience with this dis- 
ease, says: “The albumin appears in the urine usually 
ou the third or fourth day of the disease. It may be 
very transient. In many mild eases the albumin is 
present only in the urine passed in the evening of the 
third or fourth day. In many cases it is only a trace.” 
We may say that the results obtained from examination 
of the urine of experimental yellow fever accords for the 
most part with the statements above quoted. 
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In our earlier cases we did not examine for albumin 
until the onset of the attack. In our last 8 cases (those 
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embraced in this report) we examined daily specimens 
from the time of inoculation until the attack began, and 
thereafter we endeavored to examine every specimen 
passed by the patient. Table II gives the results 
obtained, 

An examination of thecases presented in this table 
will show that of the 12 mosqnito inoculations, the ear- 
liest appearance of albumin was at the beginning of the 
second day in I case; during the second day in 5; at 
the end of the second day in 1; during the third day in 
1; during the fourth day in 2; during the fifth day in 1; 
while in 1—a well-marked case—no albumin could be 
detected till 86 hours after the temperature had reached 
the normal, 7. @, till the second day of convalescence ; 
it then persisted during 5 days. In all 28 specimens of 
urine were examined in this case during the 6 days of 
fever, but with an entirely negative-result as regards the 
presence of albumin, An occasional hyaline or fine granu- 
lar cast could be found in the majority of these specimens. 
We submit this case of experimental yellow fever as one 
of especial importance from the clinical standpoint, sinec 
the absence of albumin, during the attack would have 
probably led to an error in diagnosis. How very excep- 
tional such cases may be, we have no means of know- 
ing. 

It will be observed that the quantity of albumin 
present in this series of eases was very moderate, except 
in Cases I and II of Table II. These cases were the only 
2 of the 16 that were not placed in bed from the very 
beginning of the attack. In the remaining 14, all of 
whom were kept at absolute rest during the whole period 
of the fever, the amount of albumin was small in 6 and 
insignificant in 8. Weare inclined to believe, therefore, 
that both the course of the fever, as well as the quantity 
of albumin, were favorably affected by the early enforced 
rest of our patients. 

In conclusion we desire to invite attention to 2 mat- 
ters which we consider of considerable importanee in 
conneetion with the possible importation and propaga- 
tion of yellow fever. First, we believe that the facts 
herewith presented indicate that the period of incuba- 
tion of yellow fever oecasionally exceeds the quarantine 
period of 5 days, and that although exceptional, this 
must not be left out of consideration. Secondly, that 
our observations emphasize anew the importance of the 
recognition by the profession of mild and very mild 

ases of yellow fever. Guiteras’? says: ‘‘I cannot insist 
too much upon the importance of the diagnosis of the 
first cause of yellow fever in a locality.” He adds: 
‘¢ Undoubtedly the cause of the epidemic of yellow fever 
is to be found in the introduction into a community of 
cases that are not suspected to be yellow fever.’’ In the 
light of our investigations, we feel constrained to remark 
that the failure to detect cases of mild yellow fever, has 
heen, we believe, the most important factor in the 
development of the theory of the propagation of this dis- 
case by fomites. 
a, 
itis of interest to note that this particular Individual, 2 weeks 
prior to suecessful inoculation and while in quarantine, had an inter- 


mittent albuminurla which lasted 3 days. ; 
2 Report of United States Marine Hospitai Service, Vol. 27, 1897-1898, 


p. 300. ; 





Tnberculin.—Professor Robert Koch publishes in the Ger- 
man Medieal Weekly a declaration that Dr. Goetsch, of the 
Slawentzitz Hospital, has used for 10 years past tuberculin 
against pure tuberculosis with unvarying success, 


Memorial to Dr, Lazear.—On conimencement day at 
Trinity Hall Military School, Washington, Pa., a tablet was 
unveiled to the memory of Dr. Jesse W. Lazear, of Baltimore, 
who sacrificed his life while investigating the causes of yellow 
fever in Cuha, 


Long Island College Hospital.—George Foster Peabod 
and his brothers have agreed to contribute $50,000 for the bnild- 
ing and furnishing of an operating room, as a memorial to the 
late Dr. A. J. C. Skene, for this institution, which is to be prac- 
tically rebuilt. 


